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RS solution to the hierarchy problem

Randall-Sundrum model

(Randall,Sundrum 99)
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Standard Model in the bulk and RS GIM

Fermions in the bulk

m One can easily explain large hierarchies in the fermion masses.
(Gherghetta, Pomarol; Grossman,Neubert...)

m The mass is controlled by the fermion profile, f(y) oc e(t/2=<)ky

m Small variation in the 5D mass parameter ¢ will lead to the large
hierarchies in the fermion masses.

m Large flavor violating operators will be suppressed (Agashe,Perez,5oni...)
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Standard Model in the bulk and RS GIM

Flavor Anarchy

m Coupling to Higgs and and KK excitations are controlled by the
values of the profiles at IR brane

Uaiy =7R) = £(e) = \/ gt = e

m 5D masses are similar ¢; ~ ¢ ~ ¢3 but the values of the profiles are
hierarchical f(c1) << f(c2) << f(c3)

m Masses of the SM fermions: mj;; = %f(c,-)f(cj) are hierarchical

m Mixing matrices are hierarchical Vexn ~ (OF);ij ~ (OF); ~ fng,;

u (<) c/f{ . .
(OR)s ~ fe- (OR)s ~ e 1 <
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Standard Model in the bulk and RS GIM

Bounds from low energy observables

KK gluon

% Tati 2 F()(e)f(c)f () ., gipmams

m Ko — Ko oscillations, ex ~ gop—— ,’T/,?(K LR ~ y%DMf(sz
m My 2 10(5) TeV - Brane(Bulk Higgs) Higgs
(Csaki,Falkowski, Weiler; Blanke, Buras, Duling, Gori, Weiler; Casagrande, Goertz, Haisch, Neubert, Pfoh;

AA,Agashe, Zhu; Perez, Gedalia)

Aleksandr Azatov




Higgs phenomenology

m In the next part of my talk | will analyze couplings of the Higss to
HGG and H~vvy

m three days ago on arXiv appeared paper (arXiv:1005.4315 [hep-ph]
(Sandro Casagrande, Florian Goertz, Uli Haisch, Matthias Neubert,
Torsten Pfoh)) where authors also analyzed these couplings.
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Higgs phenomenology

Higgs coupling to the gluons

m In the SM Higgs to glue glue coupling arises dominantly from the
diagram

m In RS this contribution will be modified by the factor

v

2
KK

~

HG" G,

m top Yukawa coupling is modified
m vev of the Higgs is modified
m KK modes of all the fermions running inside loop.
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Higgs phenomenology

Modification of top Yukawa coupling

| | |
| | | | | |
/q/L/\dR\ -4, d> 7ay .

__ H2 =
m y;HQL, DR A\t HQy,Dr,, k,’?ﬁ QLI
_ . i o) L — 0
B mj =V (yU +)\u/\2) QL,-Dij YU = ( Yij +3>\u/\2) \/EQL,-DR
Yiv 2.2 pr
may=1——">-~Y VR
it mt\/
m same effect will lead to the flavor violation in the Higgs sector.
(Agashe, Contino;AA, Toharia, Zhu; Duling; Casagrande, Goertz,Haisch, Neubert, Pfoh.)
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Higgs phenomenology

Higgs vev shift

<H> <H> <H> <H>
\ 1 \ .’
\ / v\ \ /

\ v/ \
\J v v/

(KK)
| WL,R

M, #ig<H>  <H>=7V

m V= 92(1 — R;;‘:/Z (g—SzD + g520))' (v = 246GeV, SM Higgs vev)

m L~ 1.05 (R = 1500TeV, gsp = &n)

m If @sp > gsp then it can lead to strong modification of the Higgs vev
(Bouchart, Moreau)
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Higgs phenomenology

Contribution of the heavy modes

m we want to study effects of the particles which are much heavier
then the Higgs field so we can use use low energy theorems

Y, _ 0ln(DetM)
a v

Al
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Higgs phenomenology

Calculating Determinant

m For simplicity we will start with one generation g -SM doublet, d
SM singlet
quv 0 YqD1 v 0 Yqu
Yoigv Mg Yopv 0 Yaob,
0 YDl Qv MD1 YD1 Q> 0
M2
Mp2

Yoa = [ dz (5)5 q(z)d(z)H(z)

[ V2 YDj Q YDj Q . V2 YQ/‘d YqDJ ]

DetM = Mo Mpn | 1 —
e quVH Q' Mp Z MQ,- Mp; quMQi Mp;

I,n iJ

+ O(v®)
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Higgs phenomenology

m In RS we have to sum infinite tower of KK modes

dln DetM 1 2v2Yp.o. YoiaYopi
2 2Py —Rd D o(v?
v Z Mg Mp, ( ooty +0(v)

i, refer to the KK modes.
m subtracting contribution of the zero modes

Z Z 2VYD QJ YQJ 4 O(V3)
M MQ/MD/
heavy
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Higgs phenomenology

Performing KK sum

Yoo Yoini / P(RY
MQ, MD; d21 ng P

QY (21)QY(2:) D ><z1)D,8><z2)
MQJ MDi

H(z1)H(z2)

m using completeness relations one can prove that

1-2¢
1 —cC c\R _1
S L Q) Q" ) = Oz e )
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Higgs phenomenology

Contribution of the KK fermions to the triangle diagram

(TO0050000000000"
| WSGUMUMY;W
| .
YI
> = VR Y?
Heavy

m even KK towers of the light fermions will contribute significantly

m This result is NOT TRUE in the models where Higgs is PNGB.
(Falkowski;Low, Rattazzi, Vichi)
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Higgs phenomenology

Realistic Model

m Fermions should be in the multiplets of custodial SU(2); x SU(2)r
(Agashe, Delgado, May,Sundrum)

n
_( qi(++)
SU(2), doublet g = < i+ +) > ,
Lu 2,u
SU(2) doublets q; = [ % (+,-) ), — < q (= -) >
e ™ ( 0= ) 2T\ g )
n

Lyuk = YepaqH + Y H
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Higgs phenomenology

Ratio of Higgs to glue glue couplings

m Now we can present results

HiggsGG™® V2R L
g = L an Tr [ V(YT YY)
HiggsGGM +3F(7-5M) r YA+ YY)
Yev V2.2 /2]
—ay |where agp = (1 — ~ Y22R

: [ ¢ < mt\/§> *

R/2 2

16R (&b + &)
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Numerical scan
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Figure: Modifications of the Higgs production from glue glue fusion and

branching ratios to vy (R™! ~ M /2.5)
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Conclusion

Summary

m Warped extra dimensions with SM in the bulk provide a very
attractive scenario of BSM physics

m Higgs couplings can be significantly modified.

m KK towers of light fermions provide a very important contribution to
the HGG and H~~ couplings.

m Even for My, = 10TeV we can get up to 20% modification of the
Higgs production from the glue glue fusion
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